(19) 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




1 



(12) 



(H) EP 0 807 136 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
04.06.2003 Bulletin 2003/23 

(21) Application number 95906556.6 

(22) Date of filing: 30.01 .1 995 



(51) mtci7: C08G 18/67, C08G 18/50, 
C09D 175/16, C03C 25/10 

(86) International application number: 
PCT/NL95/00041 

(87) International publication number: 

WO 96/023828 (08.08.1996 Gazette 1996/36) 



(54) RADIATION CURABLE COMPOSITION COMPRISING FLUORINATED URETHANE OLIGOMER 

FLUORIERTES URETHAN-OLIGOMER ENTHALTENDE STRAHLUNGSHARTBARE 
ZUSAMMENSETZUNG 

COMPOSITION DURCISSABLE PAR RAYONNEMENT COMPORTANT UN OLIGOMERE 
URETHANE FLUORE 



CD 

to 

CO 



CO 

CL 
HI 



(84) Designated Contracting States: 
BE DE FR GB IT NL 

(43) Date of publication of application: 
19.11.1997 Bulletin 1997/47 

(60) Divisional application: 
02026077.4 / 1 291 373 

(73) Proprietor: DSM N.V. 
6411 TEHeeiien (NL) 

(72) Inventors: 

• SZUM, David, M. 

Elmhurst, IL. 60126 (US) 



• MURRAY, Kevin, P. 
Schaumberg, IL 60195 (US) 

• ZIMMERMAN, John, M. 
Crystal Lake, IL 60014 (US) 



(56) References cited: 
EP-A- 0 273 449 
EP-A- 0 379 462 
FR-A- 2 453 871 



EP-A- 0 322 624 
EP-A- 0 565 425 



• CHEMICAL ABSTRACTS, vol. 112, no. 24, 11 
June 1990, Columbus, Ohio, US; abstract no. 
218340p, 'URETHANE (METH)ACRYLATE 
COMPOSITIONS FOR OPTICAL FIBER 
COATINGS' page 61 ;&JP,A,01 308420 (NIPPON 
KAYAKU) 13 December 1989 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid (Art 
99(1 ) European Patent Convention). 



EP 0 807 136 B1 



Description 

Technical Field 

[0001] This invention is directed to radiation curable oligomer compositions that are useful as coatings for various 
substrates. 

Background of the Invention 

[0002] There are many applications that require radiation curable coating composition that are optically clear and 
resist penetration or absorption by water or chemicals. For example, barrier coatings and coatings for optical glass 
fibers should have these properties. Furthermore, barrier coatings and coatings for optical fibers should retain these 
properties over a broad temperature range. 

[0003] Fluorine-containing polymers are very resistant to penetration by water and chemicals and therefore are well 
suited for use as barrier coatings. A patent application disclosing fluoropolymer claddings for optical fibers, designated 
AD-D014 140 to Klinger et al., was published by the Office of the Chief of Naval Research, U.S.A., on May 12, 1989. 
The cis-trans fluoropolyol polyacrylate coating is referred to therein as an infinite network fluoropolymer. As a result, 
the fluoropolymers disclosed in the Klinger et al. application have a very-high molecular weight. These very high mo- 
lecular weight fluoropolyol polyacrylate polymers, when used in coating compositions, are not easily applied to sub- 
strates. 

[0004] U.S. Patent No. 4,968,116 discloses optical fiber coating compositions that comprise a fluorinated mono acr- 
ylate, a polyfunctions! cross-linking acrylate and a photoinitiator. 

[0005] FR-A-2,453,871 discloses radiation curable compositions comprising (i) a urethane acrylate oligomer having 
at least one ether or polyether group with at least one pendent fluorinated organic group attached thereto, (ii) diluent 
monomers, and (iii) a photoinitiator. 

[0006] J P-A-1 ,308,420 describes urethane (meth)acrylate compositions for optical fibers containing the reaction 
products of 1H, 1H, 6H, 6H-octafluorohexane-1 ,6-dipl with polyisocyanates and OH-containing (meth)acrylates. 
[0007] US-A-4,321 ,404 discloses radiation curable coating compositions for providing solvent-resistant coatings 
comprising polyfluorinated acrylates and methacrylates, polyethylenically unsaturated crosslinking agents and a film- 
forming organic polymer. 

Summary of the Invention 

[0008] The present invention is directed to radiation curable oligomer compositions that are curable by free radical 
or a cation ic mechanism. 

[0009] The compositions of the present invention comprise a fluorinated urethane oligomer; at least one diluent 
monomer; and a photoinitiator. The fluorinated urethane oligomer is the reaction product of a fluorinated polyol, which 
includes fluorinated polymethylene oxide, polyethylene oxide, polypropylene and polytetramethylene oxide or copoly- 
mers thereof endcapped with ethylene oxide, a polyisocyanate and a isocyanate reactive monomer containing ethylenic 
unsaturation. The isocyanate reactive monomer is a (meth)acrylate, vinyl ether, maleate or fumarate and wherein the 
diluent monomer is a fluorinated monomer. 

The fluorinated urethane oligomer has a molecular weight in the range of 700 to 10000, preferably 1000 to 5000. 
[0010] The present invention also relates to methods of applying the above compositions to substrates and to sub- 
strates coated with the above compositions. 

Brief Description of The Drawings 

[0011] 

FIGURE 1 illustrates the water-insensitivity of the coating composition of the present invention as indicated by the 
graph of weight change in water versus time; 

FIGURE 2 illustrates the hydrocarbon insensitivity of the coating composition of the present invention as indicated 
by the graph of weight change in hydrocarbon versus time; and 

FIGURE 3 illustrates the effect of temperature on the modulus of the coating composition of the present invention. 
Detailed Description of the Present Invention 



[0012] The fluorinated oligomers useful in the compositions of the present invention are the reaction product of a 
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fluorinated polyol, a polyisocyanate and an isocyanate reactive monomer containing ethylenic unsaturation. The re- 
sulting oligomers have molecular weights that are in the range of 700 to 1 0000, preferably 1 000 to 5000. They are also 
substantially free of isocyanate functionality. These fluorinated oligomers are combined with a diluent and a photoini- 
tiator to form the radiation curable compositions of the present invention. 

[0013] The fluorinated polyols which are reacted with a polyisocyanate and endcapped with a functional compound 
containing ethylenic unsaturation to make the compositions of the present invention include fluorinated polymethylene 
oxide, polyethylene oxide, polypropylene and polytetramethylene oxide or copolymers thereof endcapped with ethylene 
oxide. The preferred fluorinated polyols are the Fomblin Z-Dol TX series of products, marketed by Ausimont USA Inc. 
These polyols are fluorinated poly(ethylene oxide-methylene oxide) copolymers endcapped with ethylene oxide. 
[0014] Other suitable fluorinated polyols include polyols such as L-12075 marketed by 3M Corporation and the MPD 
series of polyols marketed by DuPont. 

[0015] Any of a wide variety of organic polyisocyanates, alone or in admixture, can be reacted with the fluorinated 
polyols and ethylenically unsaturated isocyanate reactive compounds to form the endcapped fluorinated oligomers of 
the present invention. Diisocyanates are the preferred polyisocyanates. Representative diisocyanates include isopho- 
rone diisocyanate (IPDI), toluene diisocyanate (TDI), diphenylmethylene diisocyanate, hexamethylene diisocyahate, 
cyclohexylene diisocyanate, methylene dicyclohexane diisocyanate, 2,2,4-trimethyl hexamethylene diisocyanate, m- 
phenylene diisocyanate, 4-chloro-1 ,3-phenylene diisocyanate, 4,4'-biphenylene diisocyante, 1 ,5-naphthylene diisocy- 
anate, 1,4-tetramethylene diisocyanate 1,6-hexamethylene diisocyanate, 1,10-decamethylene diisocyanate, 1,4-cy- 
clohexylene diisocyanate, and polyalkyloxide and polyester glycol diisocyanates such as polytetramethylene ether 
glycol terminated with TDI and polyethylene adipate terminated with TDI, respectively. The preferred isocyanate is IPDI . 
[0016] The fluorinated polyol and polyisocaynate are combined in a weight ratio of 1.5:1 to 7.5:1 fluorinated polyol 
to polyisocyanate. The fluorinated polyol and polyisocyanate are reacted in the presence of a catalyst to facilitate the 
reaction. Catalysts for the urethane reaction, such as dibutyltin dilaurate and the like, are suitable for this purpose. 
[0017] The isocyanate-terminated prepolymers are endcapped by reaction with an isocyanate reactive functional 
monomer containing an ethylenically unsaturated functional group. The ethylenically unsaturated functional groups 
are preferably acrylates, vinyl ethers, maleates, fumarates or other similar compounds. 

[0018] Suitable monomers that are useful to endcap the isocyanate terminated prepolymers with the desired (meth) 
acrylate functional groups include hydroxy functional acrylates such as 2-hydroxy ethyl acrylate, 2-hydroxy propyl 
acrylate and the like. 

[001 9] Suitable monomers which are useful to endcap the isocyanate terminated prepolymers with the desired vinyl 
ether functional groups include 4-hydroxybutyl vinyl ether, Methylene glycol monovinyl ether and 1 ,4-cyclohexane 
dimethylol monovinyl ether. Suitable monomers which are useful to endcap the prepolymers with the desired maleate 
functional group, include maleic acid and hydroxy functional maleates. 

[0020] Preferably, there is a sufficient amount of isocyanate reactive functionality in the monomer containing acrylate, 
maleate, vinyl ether or other ethylenically unsaturated groups to react with any residual isocyanate functionality re- 
maining in the prepolymer and endcap the prepolymer with the desired functional group. The term "endcap" means 
that a functional group caps each of the two ends of the prepolymer. 

[0021] The isocyanate reactive ethylenically unsaturated monomer is reacted with the reaction product of the fluor- 
inated polyol and the isocyanate. The reaction preferably takes place in the presence of an antioxidant such as butylated 
hydroxytoluene (BHT) and the like. 

[0022] In the reaction between hydroxy and isocyanate groups, it is preferred to employ a stoichiometric balance 
between hydroxy and isocyanate functionality and to maintain the reactants at an elevated reaction temperature of at 
least about 40°C until the isocyanate functionality is substantially consumed. This also indicates the hydroxy function- 
ality is similarly consumed. The mole ratio of the polyether/isocyanate reaction product to the ethylenically unsaturated 
monomer is 0.5:1. 

[0023] The resulting alkoxylated fluorinated oligomer preferably comprises 30 weight percent to 90 weight percent 
of the coating composition of the present invention and more preferably 30 to 80 weight percent of the coating com- 
position. 

[0024] The fluorinated oligomers used in the composition of the present invention have a viscosity of 10 Pascal- 
second (10000 centipoise) to 10000 Pascal-second (10000000 centipoise). The fluorinated oligomers are combined 
with a diluent monomer to reduce their viscosity and make them more readily applied as coatings. The diluent monomer 
acts as a solvent to reduce the viscosity of the fluorinated oligomer by forming a solution. The diluent monomers are 
fluonnated to impart the optimum properties to the coating composition. 

[0025] Representative diluent monomers include the following fluorinated acrylate monomers- 
[0026] 2,2,3,3-tetrafluoropropyl acrylate which can be commercially obtained from the Polysciences Corporation in 
Warnngton Pennsylvania, U.S.A., and from the PCR Corporation in Gainesville, Florida, U.S.A. designated as item 
number 07578 in the Polysciences Catalog and item number 12432-1 in the PCR Catalog; 

[0027] 1 H,1 H f 5H-octafluoropentyl acrylate which can be commercially obtained from the Polysciences Corporation 
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in Warrington, Pennsylvania, U.S.A., designated as item number 21044 in the Polysciences Catalog; 
[0028] 1H,1 H,2H,2H-heptadecafluorodecyl acrylate which can be commercially obtained from the Polysciences Cor- 
poration in Warrington, Pennsylvania, U.S. A. designated as item number 19227 in the Polysciences Catalog; 

a cyclic composition designated by the formula: 



which can ben commercially obtained from the Minnesota Mining and Manufacturing Company (3M) in St. Paul, 
Minnesota, U.S.A., designated as item number L-11619 in the 3M Catalog; 
a composition designated by the formula: 



which can be commercially obtained from the 3M Corporation, designated as item number L-12043 in the 3M 
Catalog; 

a composition designated by the formula: 



which can be commercially obtained from the 3M Corporation, designated as item number L-9367 in the 3M catalog; 
and 

a composition designated by the formula: 



which can be commercially obtained from the 3M Corporation, designated as FX-189 in the 3M Catalog. 

[0029] The diluents preferably comprise 10 to 70 weight percent, more perferably 14 to 69.9 weight percent based 
on the total weight of the coating composition of the present invention. 

[0030] The compositions according to the invention are prepared by mixing the fluorinated urethane oligomer, the 
diluent monomer and optionally the photoinitiator and other components. Preferably the fluorinated urethane in solved 
in the diluent monomer and a photoinitiator to form a liquid coating composition. When the compositions of the present 
invention are cured by exposing them to actinic energy of appropriate wavelength, such as ultraviolet light, a photoin- 
itiator is admixed with the fluorinated oligomer solution. Preferred photoinitiators include hydroxy- or alkoxy-functional 
acetophenone derivatives, preferably hydroxyalkyl phenyl ketones, or benzoyl diary! phosphine oxides. Oligomers 
having the two different types of ethylenic unsaturation, i.e., the vinyl ether group and another ethylenically unsaturated 
group, copolymerize rapidly in the presence of these photoinitiators to provide a rapid photocure and also interact 
rapidly upon exposure to other types of energy when no polymerization initiator is present. 
[0031] The acetophenone derivatives that may be used have the Formula I: 




O CF 3 

[ CH 2 »CH-C0CH 2 CF-O£ CF ( CF 3 ) CF 2 Q ] 2 C 2 F 4 ] 2 



CH 2 -CH< 




O 
II 

C 9 F 17 S0 2 N ( C 4 H 9 ) CH 2 CH 2 OCCH=CH 2 
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in which R m is an optional hydrocarbon substituent containing from 1 to 10 carbon atoms and which may be alkyl or 
aryl, e.g., methyl ethyl, butyl, octyl or phenyl, X is selected from the group consisting of hydroxy, G, to C 4 alkoxy, 
to C 8 alkyl, cycloalkyl, halogen, and aryl, e.g. phenyl, or 2 Xs together are cycloalkyl. 

[0032] Many compounds have the required structure. The alkoxy groups are preferably methoxy and ethoxy, the 
cycloalkyl group is preferably cyclohexyl or phenoxy, the alkyl group is preferably cyclohexyl, and the halogen is pref- 
erably chlorine. One commercially available compound is the Ciba-Gelgy product Irgacure 651 which has the Formula II: 

(II) . v O OCH 3 t , 

[0033] Irgacure 184, also from Ciba-Geigy, is another useful acetophenone derivative, and it has the Formula III: 

(III) s ^ O OH 

(O)— C - C - CH 2 - CH 2 

CH 2 - CH 2 - CH 2 

[0034] Still another commercially available useful acetophenone derivative is diethoxy acetophenone, available from 
Upjohn Chemicals, North Haven, CT, U.S.A. which has the Formula IV: 

(IV) o OCH 2 CH, 

OCH 2 CH 3 

[0035] The hydroxyalkyl phenyl ketones which are preferred herein have the Formula V: 

(V) y ^ O 

R n 

in which R° is an alkylene group containing from 2-8 carbon atoms and R" is an optional hydrocarbon substituent 
containing from 1 to 10 carbon atoms and which may be alkyl or aryl, e.g., methyl, ethyl, butyl, octyl or phenyl 
[0036] Particularly preferred compounds have the Formula VI: 



(VI) i o RP 

I 

C - OH 



<QH°- 



in which each R p is independently an alkyl group containing from 1 to 4 carbon atoms. In the commercial product 
Darocur 1173 (available from E-M Company, Hawthorne, N.Y., U.S.A.), each RP is methyl. This provides a compound 
which can be described as 2-hydroxy-2-methyl-1-phenyl propane 1 -one. 

[0037] The benzoyl diaryl phosphine oxide photoinitiators which may be used herein have the Formula VII- 
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(VII) 

5 




10 [0038] In Formula VII, R<* is an optional hydrocarbon substituent containing from 1 to 10 carbon atoms and may be 
alkyl or aryl as previously noted, and each x is independently an integer from 1 to 3. In preferred practice, a 2,4,6-tri- 
methyl benzoyl compound is used, and the two aromatic groups connected to the phosphorus atom are phenyl groups. 
This provides the compound 2,4,6-trimethyl benzoyl diphenyl phosphine oxide which is available from BASF under the 
trade designation Lucerin TPO. 

15 [0039] When utilized, the photoinitiator is present in an amount in the range of 0.01 to 10.0, preferably 0.1 to 6.0, 
weight percent based on the total weight of the composition. 

[0040] Suitable sources of actinic energy include lasers and other conventional light sources having an effective 
energy output, e.g., mercury lamps. 

[0041] The wavelength of the actinic energy extends from the ultraviolet range, through the visible light range and 
20 into the infrared range. Preferred wavelengths are 200 to 2,000, more preferably 250 to 1,000, nanometers (nm). 

[0042] The amount of actinic energy utilized to solidify a 3 mil thick film is 0.05 to 5.0, preferably 0.05 to 1, Joules 
per square centimeter (J/cm 2 ). 

[0043] The invention thus further comprises a process for coating a substrate comprising: dissolving a fluorinated 
urethane oligomer in a diluent monomer and a photoinitiator to form a liquid coating composition; applying the liquid 

25 coating composition to a substrate; and exposing the liquid coating composition to a sufficient amount of actinic energy 
to cure the coating composition on the substrate.The free-radical curable compositions of the present invention can 
be utilized in a variety of applications. For example, they can be utilized as coatings for many substrates such as textile 
fibers, polycarbonate and polyacrylic sheets, yarns, filaments and threads, fabrics, as primary and secondary optic 
glass fiber coatings, and as cladding for plastic optical fibers. They can also be utilized in a metallization process 

30 wherein a non-metallic substrate is provided with a metal finish, to produce objects utilizing an optical fabrication proc- 
ess as described in U.S. Patent No. 4,575,330 to Hull, in composite materials, as flame retardants, residual lubricants 
and other applications. 

[0044] The following Examples are present by way of representation, and not limitation, of the present invention. 

35 EXAMPLE 1 : Preparation of Fluorinated Oligomer with a Number Average Molecular Weight of 2000 

[0045] Fomblin Z-Dol TX 3500 (Z-Dol TX 3500), [151.74 g (0.0914 eq.)] isophorone diisocyanate (IPDI) [33.96 g 
(0.3032 eq.)] and dibutyltin dilaurate (0.2g) were charged into a four-necked round bottom flask fitted with a stirrer, dry 
air sparge, reflux condenser, thermometer, and a heated mantle on a thermostat-controlled automatic jack. The com- 

40 bined ingredients were maintained at 70° C for 4 hours. The amount of free isocyanate remaining in the reaction product 
was measured to be 4.78 percent by a procedure in which a sample of the oligomer solution is reacted with a known 
amount of dibutylamine in excess. The amount of remaining dibutylamine is measured by titration with Hcl, and the 
percent NCO is calculated. 2-hydroxyethyl acrylate (HAE) [24.46 g (0.2107 eq.)] and butylated hydroxytoluene (0.18 
g) were added to the reaction product. After one hour, the percent free isocyanate was measured again and found to 

45 be negligible (< 0.1). The structure of the resultant fluorinated oligomer is schematically represented by: 

HAE-(IPDI-Z Dol TX 3500) 0 . 43 -IPDI-HEA in which the amount of IPDI-Z Dol TX 3500 is calculated by dividing 
the Eqs. of polyol by the Eqs. of hydrpxyethyl acrylate. 

EXAMPLE 2 : Preparation of a Fluorinated Oligomer with a Number Average Molecular Weight of 1300 

50 

[0046] Fomblin Z-Dol TX 2000, [186.9 g (0.2212 eq.)] isophorone diisocyanate [83.70 g (0.749 eq.)] and dibutyltin 
dilaurate (0.2 g) were charged into a fournecked round bottom flask fitted with a stirrer, dry air sparge, reflux condenser, 
thermometer, and a heating mangle on a thermostat-controlled automatic jack. The contents were maintained at 70°C 
for four hours. The amount of free isocyanate remaining in the reaction product was measured and found to be 7.72 
55 weight percent. The reaction product was cooled to 60°C. BHT 0.25 g and 2-hydroxyethyl acrylate [61 .3 g (0.5279 
eq.)] were added to the reaction product. After one hour, the percent free isocyanate was measured again and found 
to be negligible (< 0.1). The structure of the resultant fluorinated oligomer is represented schematically by: 
HAE-(IPDI-Z Dol TX 2000-) a42 -IPDI-HEA. 



A 
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EXAMPLE 3 : Preparation of a Fluorinated Oligomer with a Number Average Molecular Weight of 1000 

[0047] Fomblin Z-Dol TX 1000 [196.13 (0.3197 eq.)] isophorone diisocyanate [125.20 g (1 .1199 eq.)J and dibutyltin 
dilaurate (0.26 g) were changed into a fournecked round bottom flask fitted with a stirrer, dry air sparge, reflux con- 
denser, thermometer, and a heating mantle on a thermostat-controlled automatic jack. The combined ingredients were 
maintained at 80°C for three hours. The amount of free isocyanate in the reaction product was measured and found 
to be 1 1 .02 percent. BHT (0.29 g) and 2-hydroxyethyl acrylate [97.8 g (0.8422 eq.)] were added to the reaction product. 
After one hour, the percent free isocyanate was negligible (< 0.1 ). The structure of the resultant oligomer is represented 
schematically by: 

HAE-(-IPDI-Z Dol TX 1000-) 0 37 -IPDI-HEA. 

EXAMPLE 4 : Coating Composition containing Fluorinated Oligomers 

[0048] Coating compositions were prepared using the fluorinated oligomers described in Examples 1 to 3. A fluori- 
nated oligomer was combined with a diluent monomer and a photoinitiator in the amounts described in Table 1. From 
35 to 78 weight percent of the fluorinated oligomer was combined with from 20 to 63 weight percent of the reactive 
diluent and about 2 weight percent of the photoinitiator. 

[0049] Five coating compositions were prepared, three using the fluorinated oligomer of Example 1, one using the 
fluorinated oligomer of Example 2 and one using the fluorinated oligomer of Example 3. 

[0050] The fluorinated oligomer, diluent monomer and photoinitiator were combined using a mixer. Each composition 
was applied to a glass plate and subjected to a dosage of 1 J/cm 2 radiation. The physical properties of the coatings 
thus obtained were measured thereby demonstrating the effectiveness of the coatings. The results of the measure- 
ments so made are reported in Table 1 below. 



SI 8 6 § $ S £ 

TABLE 1 



Properties of Cured Compositions According to the Present Invents 



Oligomer (wt.%) 


Example 1 
68% 


Example 1 
78% 


Example 1 
78% 


Example 2 
62% 


Diluent monomer (wt.%) 


PolySci 
21044 

OU To 


PolySci 
07578 


3M 

L-11619 


3M 

L-11619 

OD/o 


Pnotoinitiator (wi.to) 


irgacure 
184 

2% 


uarocur 

1173 

2% 


irgacure 
184 

2% 


Lucenn 
TPO 

2% 


Viscosity (Pascal-Second) (cP) 








6.3 

(6300) 


lensiie strengin iMr*aj 


Q 

o 


14 
l*» 


11 


91 


Elongation (%) 


69 


58 


46 


36 


Modulus (Mpa) 


34 


204 


183 


548 


Liquid Rl 








1.3925 


Film Rl 








1.41 


COF (to Stainless Steel) 




T ' ■ 




0.18 


COF (Film to Film) 








0.19 
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The physical properties of the coatings reported in Table 1 were measured as discussed below. 
Viscosity 

[0051] The viscosity, expressed in centipoise (cp) was measured using a Brookfield Model RVTD viscometer oper- 
ated in accordance with the instructions provided therewith. The temperature of the sample tested was 25°C. 

Tensile Properties 

[0052] A film for determination of the tensile properties, i.e., tensile strength Megapascals (Mpa), percent elongation 
at break (%) and modulus at 2.5% elongation (Mpa), of the coating was prepared by drawing down a 3 mil coating on 
glass plates using a Bird bar, commercially available from Pacific Scientific, Silver Springs, MD. An automatic draw 
down apparatus like a Gardner AG-3860 commercially available from Pacific Scientific, Gardner/IMeotec Instrument 
Division, Silver Springs MD, can be utilized. The coating was cured using a "D" lamp from Fusion Curing Systems, 
Rockville, MD. The "D" lamp emits radiation having a wavelength of 200 to 470 nanometers with the peak radiation 
being at about 380 nanometers and the power output thereof is about 118 wats per linear cm (300 wats per linear inch). 
The coating was cured at a dose of about 1 J/cm 2 which provided complete cure. The film was then conditioned at 23 
+ 2°C. and 50 ± 3% relative humidity for a minimum time period of 16 hours. 

[0053] Six, 1 .27 cm (0.5 inch) wide test specimens were cut from the film parallel to the direction of the draw down 
and removed from the glass plate. Triplicate measurements of the dimensions of each specimen were taken and the 
average utilized. The tensile properties of these specimens were then determined using a Instron Model 4201 from 
Instron Corp., Canton, MA, U.S.A. operated in accordance with the instructions provided therewith. 

COF (Coefficient of Friction) 

[0054] The coefficient of friction properties of cured films are determined by the following procedure: 
[0055] The cured coating, as a draw-down on a glass plate, is attached to a horizontal support table on the Instron 
testing instrument. The friction surface, with a dead weight load, is then drawn across the film at a specified rate, and 
the stress-strain recorded. The steady-state average stress value is taken from the curve and the coefficient of friction 
is calculated. 

[0056] A Universal Testing Instrument, Instron Model 4201 , or equivalent, equipped with an appropriate data system 
and applications software, load cell (ten pound capacity), support table with pulley, COF sled/weighing approximately 
100 g, double sided transparent adhesive tape, 3M, 2.0 in width, or equivalent, blade handle, size # 4, Bard-Parker 
1040 or equivalent and scalpel blades, size # 23, SGA Scientific Catalog # D-5451 or equivalent, are utilized. 
[0057] To determine the film-to-film COF, the COF sled containing the coating square is placed coating side down 
onto the beginning of the test path with wire kept taught and permitted to travel four inches. This is repeated five times. 
[0058] To determine the dynamic coefficient of friction, the system is the same except the COF sled is placed, balls 
down, on the cured film at the end of the selected path, with the wire taught. 

[0059] Cured films for the material to be tested are prepared and cut to the size of the COF sled. The square of cured 
coating is attached to the smooth side of the COF sled with double-sided tape. The COF sled with and without the 
coating square attached, is weighed. 

[0060] The instrument is set-up by installing the load bell and pneumatic action grips, installing the support table in 
the lower Instron fixture, setting the crosshead speed to 25.40 cm/minutes (10.00 inches/minute), and stringing the 
COF sled wire along the support table and through the grooved pulley wheel. The line is attached in the upper pneumatic 
grip, leaving a little slack. 

[0061] The COF for each replicate is calculated by dividing the replicate value by the weight of the sled. For film-to- 
film COF the sled weight with the coating square is used and for dynamic COF the sled weight without the coatinq 
square is used. 

EXAMPLE 5: Water Resistance of Compositions of the Present Invention 

[0062] Coating compositions of the present invention were prepared as discussed in Example 4 above The com- 
positions were immersed in water and the weight of the coating compositions was monitored over several days to 
determine how much water was absorbed by the film over time. As illustrate by FIGURE 1, the weight of the coating 
composition increased only by about 0.5 weight percent almost immediately upon immersion in water and remained 
constant for the next two weeks thereafter, indicating that the coating composition of the present invention does not 
absorb a significant amount of water and therefore provides an excellent moisture barrier. 
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EXAMPLE 6 : Hydrocarbon Resistance of Compositions of the Present Invention 

[0063] Coating compositions of the present invention were prepared as discussed in Example 4. The compositions 
were then immersed in a C 14 -C 16 alpha-olefin and the percent weight change of the coating compositions were mon- 
5 itored over time. As can be observed from FIGURE 2, after an initial weight gain of about 0.65 weight percent over the 
first day of the trial, the weight of the compositions remained relatively constant throughout a fourteen day period. Thus, 
the coating composition of the present invention is relatively insensitive to hydrocarbons and provides an effective 
barrier to hydrocarbon penetration. 

10 EXAMPLE 7 : Effect of Temperature on the Coatings of the Present Invention 

[0064] Coating compositions of the present invention were prepared as described in Example 4. The compositions 
were analyzed to determine the effect of temperature on the modulus of the composition. In FIGURE 3, E' refers to 
storage (rubbery) Modulus, E" refers to loss (viscous) Modulus and Tan Delta refers to EVE". FIGURE 3 illustrates that 
15 from -90°C to 30°C, the modulus remains relatively constant. Furthermore, FIGURE 3 illustrates that the composition 
does not become brittle until exposed to temperatures below -130°C. Thus the compositions remain flexible over a 
broad temperature range. 



20 Claims 

1. A radiation curable composition comprising a fluorinated urethane oligomer and at least one diluent monomer, 
wherein the fluorinated urethane oligomer has a molecular weight of 700 to 10,000 and is the reaction product of 

25 (i) a fluorinated polyol which includes fluorinated polymethylene oxide, polyethylene oxide, polypropylene and 

polytetramethylene oxide or copolymers thereof endcapped with ethylene oxide, 

(ii) a polyisocyanate, and 

(iii) an isocyanate reactive monomer containing ethylenic unsaturation, and wherein the diluent monomer is 
a fluorinated monomer. 

30 

2. The composition according to claim 1 , wherein the isocyanate reactive monomer is present in an amount sufficient 
for the oligomer to be substantially free of isocyanate groups and endcapped with the ethylenically unsaturated 
functional group. 

35 3. The composition according to claim 2, wherein the ethylenically unsaturated functional group is selected from the 
groups consisting of (meth)acrylate, vinyl ether, maleate and fumarate functional groups. 

4. The composition according to claim 3, wherein the fluorinated urethane oligomer has a molecular weight of 1 ,000 
to 5,000. 

40 

5. The composition according to any one of claims 1-4, comprising: 

a) 30-90 weight % fluorinated urethane oligomer 

b) 10-70 weight % diluent 

45 c) 0 -1 0 weight % photoinitiator. 

6. The composition according to claim 5, comprising: 

a) 30-80 weight % fluorinated urethane oligomer 
50 b) 14-69.9 weight % diluent 

c) 0.1-6 weight % photoinitiator. 

7. A process for coating a substrate comprising: dissolving a fluorinated urethane oligomer in a diluent monomer and 
a photoinitiator to form a liquid coating composition at 25° C according to any one of claims 1 -6; applying the liquid 

55 coating composition to a substrate; and exposing the liquid coating composition to a sufficient amount of actinic 

energy to cure the coating composition on the substrate. 

8. The process of claim 7, wherein the substrate is a glass. 
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9. The process of claim 7, wherein the substrate is a thermoplastic. 

10. The process of claim 7, wherein the substrate is a polycarbonate or polyacrylic sheet. 

11. The process of claim 8, wherein the substrate is an optical fiber. 

12. An article coated with a coating composition according to any one of claims 1-6. 



Patentansprtiche 

1. Strahlungshartbare Zusammensetzung, umfassend ein fluoriertes Urethanoligomer und mindestens ein verdun- 
nendes Monomer, wobei das fluorierte Urethanoligomer ein Molekulargewicht von 700 bis 10000 aufweist und das 
Reaktionsprodukt 

(i) eines fluorierten Polyols, welches fluoriertes Polymethylenoxid, Polyethlyenoxid, Polypropylen- und Poly- 
tetramethylenoxid Oder Copolymers davon, mit Ethylenoxid endverkappt, einschlieftt, 

(ii) eines Polyisocyanats und 

(iii) eines mit Isocyanat reaktiven Monomers, das eine ethylenische Ungesattigtheit enthalt, ist, und wobei das 
verdiinnende Monomer ein fluoriertes Monomer ist. 

2. Zusammensetzung nach Anspruch 1, wobei das mit Isocyanat reaktive Monomer in einer fur das Oligomer aus- 
reichenden Menge vorhanden ist, urn im wesentlichen frei von Isocyanatgruppen zu sein und mit der ethylensich 
ungesattigen funktionellen Gruppe endverkappt zu sein. 

3. Zusammensetzung nach Anspruch 2, wobei die ethylenisch ungesattigte funktionelle Gruppe aus der Gruppe 
funktioneller Gruppen, bestehend aus (Meth)acrylat, Vinylether, Maleat und Fumarat, ausgewahlt ist. 

4. Zusammensetzung nach Anspruch 3, wobei das fluorierte Urethanoligomer ein Molekulargewicht von 1000 bis 
5000 aufweist. 

5. Zusammensetzung nach einem der Anspruche 1 bis 4, umfassend: 

a) 30 - 90 Gew.-% fluoriertes Urethanoligomer, 

b) 10 - 70 Gew.-% Verdunnungsmittel, 

c) 0-10 Gew.-% Photoinitiator. 

6. Zusammensetzung nach Anspruch 5, umfassend: 

a) 30 - 80 Gew.-% fluoriertes Urethanoligomer, 

b) 14 - 69,9 Gew.-% Verdunnungsmittel, 

c) 0,1 - 6 Gew.-% Photoinitiator. 

7. Verfahren zum Beschichten eines Substrats, umfassend: das Losen eines fluorierten Urethanoligomers in einem 
verdunnenden Monomer und einem Photoinitiator, urn eine flussige Beschichtungszusammensetzung bei 25°C 
nach einem der Anspruche 1 bis 6 zu bilden, das Auftragen der flussigen Beschichtungszusammensetzung auf 
ein Substrat und das Exponieren der flussigen Beschichtungszusammensetzung einer ausreichenden Menge ak- 
tinischer Energie, um die Beschichtungszusammensetzung auf dem Substrat zu harten. 

8. Verfahren nach Anspruch 7, wobei das Substrat ein Glas ist. 

9. Verfahren nach Anspruch 7, wobei das Substrat ein Thermoplast ist. 

10. Verfahren nach Anspruch 7, wobei das Substrat ein Polycarbonat- oder ein Polyacrylblatt ist. 

11. Verfahren nach Anspruch 8, wobei das Substrat eine Lichtleitfaser ist. 



Gegenstand, beschichtet mit einer Beschichtungszusammensetzung nach einem der Anspruche 1 bis 6. 
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Revendications 

1. Composition durtissable aux radiations comprenant un oligomers d'urethane fluore et au moins un monom&re 
diluant, dans laquelle I'oligomere d'urethane fluore a une masse moieculaire de 700 a 10 000, et est le produrt de 

s reaction de : 

(i) un polyol fluore qui comprend i'oxyde de potym&hylene fluor6, I'oxyde de polyethylene, le polypropylene 
et I'oxyde de polytetramethyiene, ou des copolymers de ceux-ci a extremite coiffee avec de I'oxyde d'ethylene, 

(ii) un poly isocyanate, et 

10 (Hi) un monomere reactif isocyanate contenant une insaturation ethylenique, et dans lequel le monomere di- 

luant est un monomere fluore. 

2. Composition selon la revendication. 1, dans laquelle le monomere reactif isocyanate est present en une quantite 
suffisante pour que I'oligomere soit essentiellement sans groupes isocyanate et a extremity coiffee avec le groupe 

15 fonctionnel k insaturation ethyl6nique. 

3. Composition selon la revendication 2, dans laquelle le groupe fonctionnel £ insaturation ethylenique est choisi 
dans les groupes comprenant des groupes fonctionnels (meth)acrylate, vinyiether, maieate et fumarate. 

20 4. Composition selon la revendication 3, dans laquelle I'oligomere d'urethane fluore a une masse moieculaire de 
1000 a 5000. 

5. Composition selon Tune quelconque des revendications 1 £ 4, comprenant : 

25 a) 30 a 90% en poids d'oiigomere d'urethane fluore 

b) 10 e 70% en poids de diluant 

c) 0 a 10% en poids de photoinitiateur. 

6. Composition selon la revendication 5 V comprenant : 

30 

a) 30 a 80% en poids d'oiigomere d'urethane fluore 

b) 14 a 69,9% en poids de diluant 

c) 0,1 a 6% en poids de photoinitiateur. 

35 7. Precede de revdtement d'un substrat, comprenant : la dissolution d'un oligomere d'urethane fluore dans un mo- 
nomere diluant et un photoinitiateur pour former une composition de revetement liquide & 25°C selon I'une quel- 
conque des revendications 1 a 6 ; ('application de la composition de revetement liquide a un substrat ; et I'exposition 
de la composition de revetement liquide & une quantite suffisante d'energie actinique pour durcir la composition 
de revetement sur le substrat. 

40 

8. Procede selon la revendication 7, dans lequel le substrat est un verre. 
9- Procede selon la revendication 7, dans lequel le substrat est un thermoplastique. 
45 10. Procede selon la revendication 7, dans lequel le substrat est une feuille de polycarbonate ou polyacrylique. 

11. Procede selon la revendication 8, dans lequel le substrat est une fibre optique. 

12. Article rev§tu avec une composition de revetement selon I'une quelconque des revendications 1 a 6. 

50 
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